Introduction
The use of prosthetic devices in spinal surgery has become increasingly widespread. 1 Interspinous process devices (IPDs) were introduced in spinal surgery in recent years to reduce the risks related to more technically demanding procedures for spinal instability. 2 The use of such devices has also been proposed being a so-called minimally invasive surgical solution for lumbar spinal stenosis 3-5 with or without associated spondylolisthesis. Several types of IPDs available on the market were also tested in clinical studies.
1,5-9
The BacJac (Pioneer Surgical Technology Inc., Marquette, Michigan, United States) is an IPD whose use has been recommended to achieve so-called dynamic stabilization.
In 2015, Gazzeri et al studied 1,108 patients in whom various types of IPDs had been implanted. They observed that in 70% of the patients who had received a BacJac, the outcome was good to excellent after a 24-month follow-up. 1 However, clinical reports of IPD implantation are frequently contradictory. 9 In the present study, we describe our long-term results in a series of patients with degenerative lumbar spine disease in whom the BacJac device was used.
Material and Methods
Forty-one patients who underwent lumbar surgery combined with the implantation of the BacJac device from 2009 to 2012 were enrolled in this single-institution retrospective study. The prerequisites for inclusion were adequate followup data and fulfillment of the strict indications for surgery.
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Abstract
Objective To evaluate the long-term results of using the BacJac interspinous device (Pioneer Surgical Technology Inc.) in a series of patients with degenerative lumbar spine disease.
Methods Forty-one patients undergoing lumbar surgery with implantation of a BacJac device from 2009 to 2012 were enrolled in the present study. Patients were evaluated using the Oswestry Disability Scale (ODI).
Results Although all patients showed a significant improvement of the ODI score immediately after surgery, only 41% of patients showed a satisfactory outcome. We observed worse results in the patients operated on at the L3-L4 level and in whom the device was implanted in a segment different from the one where surgical decompression had been performed. Weight gain in the months after surgery was also a poor outcome-influencing factor. Conclusions This study confirms what is already suggested in the relevant literature regarding the long-term inefficacy of the so-called dynamic stabilization devices.
The latter included persistent lumbar radiculopathy accompanied by low back pain in the presence of mild to moderate signs of local instability at the preoperative dynamic radiologic investigations (►Figs. 1 and 2), minor instability while flexing the spine at the dynamic lumbar radiographs (►Figs. 3 and 4), focal lumbar canal stenosis, and "redo" microdiskectomy requiring consistent removal of the ligament and joint capsule without compromising joint stability. The BacJac device was implanted as an adjunct to decompression surgery in 26 cases, as a dynamic stand-alone procedure in 6 cases, and as an adjunct following surgery for recurrent disk diseases in 9 cases. The operations were performed at L2-L3 in 1 patient, at L3-L4 in 10 patients, at L4-L5 in 17 patients, and at L5-S1 in 13 patients. Patients were evaluated using the Oswestry Disability Scale (ODI) (obtained either directly or by telephone interview) before surgery (T0) and 1 (T1), 6 (T2), 12 (T3), 24 (T4), and 36 (T5) months after surgery. Patients with a score > 40 at the last follow-up were classified as having a "poor outcome," those with a score of between 20 and 40 as a "fair outcome," and those with a score 20 were classified as a "good outcome."
The statistical analysis was conducted using the analysis of variance for repeated measures. Spearman's rank correlation test was used to evaluate any correlation between postoperative outcome and potential influencing factors. Tukey's honest significant difference test was used for all post hoc analyses. The p values < 0.05 were considered to indicate statistical significance. All values are expressed as mean AE standard error.
Surgical Management
Surgery was performed via a unilateral lumbar spine approach using a 6-cm incision (long enough to accommodate the device). After a curvilinear fascial incision and unilateral stripping of the paravertebral muscles, disk and/ or foraminal pathology were treated as required, and the device was implanted on the side of the fascial incision. Implantation of the device was performed under fluoroscopic control, and the size of the device was selected intraoperatively. After its implantation and satisfactory radiographic control (i.e., the disk space and/or the foraminal width increased if compared with the preoperative values), the wound was copiously irrigated with antibiotic solution and subsequently closed in layers. Long-term Results for the BacJac Interspinous Device Spallone et al.
Results
The mean age of the patients was 62 years (range: 32-89). The male-to-female ratio was 0.68 (17 men and 24 women). At the last follow-up, a poor outcome was observed in 13 patients (32%), a fair outcome in 11 (27%), and a good outcome in 17 (41%) (►Table 1). We observed a significantly lower ODI score at T1 than at T0, which indicated a clinical improvement in all the patients (p < 0.05). This reduction remained significant at 12 months (T3), 24 months (T4), and 36 months (T5) only in those patients in whom the outcome was good. The ODI score was similar in all the patients at 12 months (T3), 24 months (T4), and 36 months (T5), which indicates the final outcome was already defined 1 year after surgery. Patients with radicular symptoms displayed a persistent improvement after surgery regardless of whether low back pain improved or not.
To investigate any factors that might have influenced the postoperative clinical course, we analyzed the effect of the patients' demographic data (including age, sex, and pre-and postoperative weight) and the relation between the implantation site and decompression segment, and we compared the results of patients who underwent a "stand-alone" with those who underwent a "redo" surgical procedure. Age was similar in patients with a poor, fair, and good outcome (p > 0.5). The male-to-female ratio in patients with a good outcome and poor outcome was similar (46% and 47%, respectively), whereas that in patients with a fair outcome was lower (27%), although the difference was not significant.
Absolute weight was similar preoperatively in poor, fair, and good outcome patients. Although patients with a good or fair outcome did not display a significant weight gain following the intervention (p > 0.5), the weight in patients with a poor outcome increased at 6 months, with the gain becoming statistically significant at 12 months (p < 0.05).
At the last follow-up, three patients operated on at L3-L4 (28%), eight patients operated on at L4-L5 (45%), and six patients operated on at L5-S1 (46%) had a fair outcome. Hence there was a trend toward worse results in the patients operated on at the upper lumbar spine level, although the difference was not statistically significant. Only one patient 
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was operated on at L2-L3; the result in this patient was good but could not obviously be considered for the statistical analysis.
A group of five patients underwent a dynamic stabilization procedure at a segment other than that at which radicular decompression had been performed. The outcome was poor in 3 of these 5 patients (23% of the cases [3/13]), fair in 1 (9% of the cases [1/11]), and good in 1 (5% of the cases [1/ 17] ).
The BacJac was implanted as a dynamic stand-alone procedure in six cases with symptomatic canal stenosis. The outcome in two of these patients was poor (15% of the 13 patients with a poor outcome), fair in 1 (9% of the 11 patients with a fair outcome), and good in 3 (18% of the 17 patients with a good outcome).
Nine patients had recurrent disk diseases. The outcome was poor in 5 of these 9 patients (38% of the cases [5/13]), fair in 2 (18% of the cases [2/11]), and good in 2 (11% of the cases [2/17] ). However, given the small number of recurrent disk patients, this difference was not statistically significant.
Lumbosacral spine radiographs were performed before and after surgery in all the patients. We observed that the foramen height and intervertebral disk space were unchanged after surgery; the interspinous space was increased. This increase was stable for 24 months after surgery (T4) in all the patients. An interspinous space reduction was observed after T4 in all the patients with a poor outcome.
The weight increase (calculated as the ratio between the weight at 6, 12, 24, and 36 months and the baseline weight) correlated positively with the long-term results of patients in the group with a poor outcome (p < 0.5). This means that the greater the weight gain, the worse the postoperative course.
We observed a trend toward worse results in patients operated on at L3-L4 and in whom the device was implanted in a segment other than the one in which surgical decompression was performed, although the difference did not reach statistical significance.
Six of our 41 patients underwent revision surgery during the follow-up period. The revision surgery included removal of the BacJac device, foraminotomy, and pedicle screw fixation.
Discussion
The normal evolution of spinal degeneration includes disk degeneration and loss of water and of collagen fibers. This results in the disk losing weight and elasticity, which in turn leads to a loss of resistance and probable extrusion of the nucleus pulposus finally resulting in stenosis of the lumbar canal, combined with instability due to the misalignment of the facet joints. Low back pain associated with radiculopathy and/or neurogenic claudication are the symptoms related to stenosis and instability.
IPDs were introduced in lumbar spine surgery to recalibrate the spinal canal and enlarge the neural foramina so as to decompress indirectly the nerve roots that are functionally compromised by degenerative spinal disease caused by facet hypertrophy and/or lumbar instability. Several studies have yielded contradictory results on the efficacy of IPDs when compared with transpedicular fusion used either alone or in combination with other lumbar devices.
2,10 Nevertheless, IPDs have gained popularity because IPD implantation is in theory markedly easier and minimally invasive compared with other types of spinal stabilization, such as transpedicular screw fixation, which is technically more demanding and associated with procedure-related risks. Several first-generation dynamic stabilization interspinous process devices, not designed to subsequently provide fusion, such as the Wallis system The general idea of using the BacJac device was to provide stability while not aiming for subsequent fusion. As with other dynamic stabilization devices available on the market, it was even proposed as a stand-alone treatment for lumbar stenosis, although we used it for this purpose in only a minority of our patients. Our indications for the use of the BacJac device were fairly homogeneous and comprise lumbar disk disease and/or foraminal stenosis with radiologic signs of mild to moderate spondylolisthesis that improves while flexing the spine. Because its mechanism T0  T1  T2  T3  T4  T5   Good  12  3  2  59  12  14  14  13  13   Fair  8  1  2  60  14  39  38  39  40   Bad  6  2  5  64  16  62  65  66  64 of action requires a substantial modification of the sagittal alignment of the spine, we never used more than one device in a single patient. The ease with which the device can be placed in the spine renders the use of the BacJac device particularly appealing, although its construction has given rise to concerns regarding its long-term efficacy.
The results of the present study confirmed that those concerns are justified. The early postoperative results were fair and remained so for the first year, but the long-term results were good in only a minority of patients. In particular, devices implanted in the upper lumbar spine and in segments other than those in which surgical decompression had been performed were more likely to yield an unsatisfactory long-term outcome, particularly in patients who gained weight after surgery. We implanted this device in association with surgery at other levels at which there had been a loss of disk height and spinal canal stenosis resulting from ligament hypertrophy.
Body weight emerges as a relevant factor in the development of clinical signs related to spinal instability, with the upper lumbar spine more prone to developing postoperative instability, particularly after redo surgery, because the size of the facets at the upper levels requires extensive drilling to adequately expose the neural structures that need to be decompressed. Regarding the routine use of the BacJac device in surgery for recurrent lumbar disk, the present, somewhat limited, experience does not allow any clear conclusions to be drawn.
One interesting finding of our study is that the combination of dynamic stabilization and disk foraminal decompression in different, although adjacent, segments yielded poor long-term results, even though the relatively small number of cases analyzed did not allow statistical significance to be reached. We believe the implantation of the BacJac device in a segment adjacent to a diskectomy site exerts further stress on the operated segment, which in turn subsequently reduce the efficacy of the decompression. Thus, we do not recommend an interspinous device be implanted in a segment adjacent to a site of decompression of a nerve root in the same surgery.
This study confirms previous data in the literature on the long-term inefficacy of the dynamic stabilization devices, 3,10,11 although one study did report a high rate of fusion many years after implantation of the Wallis system, which was the first interspinous device on the market. 6 In addition, changes in reimbursement regulations in Italy have contributed to a significant decrease in the use of the BacJac device in the last few years. The manufacturers of the BacJac device have introduced a new version, the BacFuse, designed to promote solid bone fusion. We are currently planning a single-institution prospective study, including a control group, to verify the long-term efficacy of this supposedly fusion-promoting new interspinous device.
